distributed in the country. Ayad (1956) , Brown (1964 Brown ( , 1965 , Burch (1965) and others conducted surveys to collect the molluscan intermediate hosts and to know their distribution in Ethiopia, which, however, did not sufficiently cover broad range enough to elucidate the state of the case.
During the stay in Ethiopia surveys were many times undertaken to know the distribution and habitat conditions of the intermediate and potential snail hosts of the human schistosomes in this area. In surveys and experiments on medical and veterinary important flukes such as the schistosome, common liver fluke and paramphistome, it is frequently a troublesome task for parasitologists, physicians and veterinarians to identify intermediate host snails, because they have few characteristics available to discriminate each other. Meskal (1967) prepared an identification key of Ethiopian freshwater gastropods which had been known in the country, but the key was not pictorial. Hence an attempt was made to prepare the pictorial keys of Ethiopian freshwater molluscs for field work.
MATERIALS AND METHODS
The surveys were carried out through the country from January 1969 to January 1971. The collecting loci of molluscs amounted to 336 in number, which are distributed principally along the main all-weather roads ( Fig. 1 ). All the molluscan specimens collected were identified and ecological data of the habitats were recorded in regard to pH and water temperature, associated plants and animals, pollution of water, and so on. pH was principally obtained by measurement with pH indicator papers. The snails collected were identified by shell characteristics alone, and Brown (1965) was principally followed in the present study to identify and classify Ethiopian gastropods. RESULTS 
Freshwater molluscs collected
The present survey revealed the occurrence of the following freshwater molluscs in Ethiopia including gastropods and pelecypods. The gastropoda consisted of two orders of the Prosobranchia and Pulmonata. The former order contained three families : Thiaridae, Viviparidae and Valvatidae and the latter did the four families of Planorbidae, Physidae, Lymnaeidae and Ancylidae. The family Planorbidae contained at least six genera of Bulinus, Biomphalaria, Anisus, Gyraulus, Segmentorbis and Armiger, and the genera Bulinus and Biomphalaria include the hosts of the human schistosomes. The Pelecypoda consisted of the following genera of Pisidium, Sphaerium and Etheria, together with at least one unnamed species of the family Unionidae and two species of Corbiculidae (Table 1) . The genera of Bulinus and Biomphalaria contain the species incriminated as the intermediary hosts of Schistosoma haematobium and S. mansoni respectively.
Two species of Biomphalaria were collected : B. pfeifferi rueppellii and B. sudanica. The former species is the most important snail host of S. mansoni in Ethiopia, while the latter is of very little importance as the host. S. haematobium, on the other hand, has been reported to be transmitted by Bulinus snails in various parts of the African continent. The genus Bulinus is usually composed of two subgenera, Bulinus and Physopsis. At least six species of the subgenus Bulinus have been reported from Ethiopia: B. The freshwater snails have different distribution patterns in Ethiopia according to the species. Speaking roughly, some species have a ubiquitous distribution throughout the country and some are sporadic in distribution. Bulinus sericinus and Biomphalaria pfeifferi rueppellii, for example, belong to the former pattern of distribution, Brown (1965) whereas the members of the subgenus Physopsis, the forskalii group complex of the subgenus Bulinus and Biomphalaria sudanica to the latter pattern. Bulinus sericinus was mainly distributed in the areas around Addis Ababa, along the Asmara road from Addis Ababa to Lake Haik, and around Lake Tana and Harer (Fig. 2) , while Biomphalaria pleifferi rueppellii in the areas along the all-weather roads except the areas between Lake Haik and Makale, from Gondar to the border between the Tigre and Begemder provinces, between Debre Markos and Lake Tana, and Nazareth to Mieso (Fig. 3) . The areas without any species of freshwater snails have no bodies of water suitable for the snails to inhabit. Biomphalaria sudanica was limited in distribution to some of the Great Rift Valley lakes area (the lakes of Ziway, Awasa and Abaya) and to a separated focus at the Artuma Bilu river (a tributary of the Awash river) about the midst between Debre Sina and Dessie (Fig. 4) . Bulinus (P.) africanus ovoideus was collected at some foci in the north-east part of the country, principally along the main road from Bahar Dar to Asmara and in the Little Gibe river on the road from Addis Ababa to Jimma (Fig. 5 ). Bulinus (P.) ugandae and B. (P.) abyssinicus have a sporadic distribution; the former species was found in Beda Buna (a swamp near Jimma) and Lake Abaya and the latter at Gewani and Ofonofei in the Lower Awash Valley (Fig. 5) . Bulinus (B.) sp. described by Brown (1965) was also found restrictedly in the Great Rift Valley lakes area (Fig. 6 ) and B. (B.) forskalii was also sporadic in distribution (Fig. 6) . No snails were found in the area between Nazareth and Awash where no permanent bodies of water exist except for a few alkaline lakes. 3. Environmental factors in snail habitats and their correlation with prevalence of schistosomiasis Water temperature of habitat ranged from 9.5 to 31.5 C with the maximum frequency near 15 and 22 C in both of the cases of Bulinus and Biomphalaria, and higher temperatures may be more suitable for Biomphalaria than for Bulinus (Figs. 7, 8) . Bulinus, in general, has a tendency to tolerate the wider range of pH than Biomphalaria, that is, pH range was from 5.3 to 9.5 in the case of Bulinus and from 5.4 to 7.8 in Biomphalaria, with the maximum frequency in pH ranges of 5.0 to 6.2 and of 6.6 to 7.8 respectively. Consequently hydrogen ion concentration appears rarely to be a limiting factor of the distribution (Figs. 9, 10 ).
Two main factors responsible for marked change in abundance of snails will be temperature and rainfall. The rainfall of Ethiopia is seasonal and varies in different parts of the country. The year can be divided into rainy and dry seasons. The rainy season usually consists of the 'little rains' from April to June and big rains from July to September. Freshwater pulmonate snails can breed in temporary waters too and snail populations rapidly increase after the start of rainy season.
Another factor for snails to breed is nutritional. The ability and willingness of the snail hosts to eat almost any organic material offered to them are largely res- ponsible for the correlation between human pollution and number of freshwater snails ; in other words, mild pollution by the human has an enriching effect on the snails. The sites inhabited by a lot of Bulinus or Biomphalaria snails were often polluted slightly with domestic wastes, excreta of domestic animals and man, and so on ; and waters containing much organic materials were frequently accompanied with a large quantity of floating, emersed or submersed vegetation. For example, into a farm along the Kella river near Shashamane many people have immigrated with their domestic animals to result in pollution of the streams where Biomphalaria snails crowded on muddy silt. Another example was observed in the Wonji Sugar Plantation where irrigation ditches had been constructed and many people, some of whom were infected with schistosomes, had migrated, so schistosomiasis masoni had come endemic and Biomphalaria snails were abundantly found in the ditches. Another factor influencing snail inhabitation is water current. Bulinus, Biomphalaria, Lymnaea and Physa species were unusually collected from large and rapid streams such as the Hedie river near Guder, 143 km from Addis Ababa on the road to Ambo, the Gibe river and the Gojeb river on the Jimma road and the Awash river in the Awash National Game Reservoir, in most of which substratum was sandy or rocky and had no or scarce vegetation. The reason for this appears that the snails can not tolerate a high rate of flow and fast stream may wash away muddy silt which contains much of organic materials important as the food of bulinid and biomphalarian snails. Consequently, stream gradient seems to have an important influence on the distribution of those intermediate host snails.
Aquatic animals found with the snails do not always have direct ecological correlation with them, but sometimes they may be fair indicators of habitats suitable for the snails. Some species of molluscs were frequently collected with bulinines or biomphalarians. A high degree of association between Bulinus species and such small planorbids as Anisus and Gyraulus and a very low degree of association between Bulinus and Biomphalaria pfeifferi rueppellii make it possible to suggest that Bulinus has ecological requirements similar to the small planorbids and different from B. pfeifferi rueppellii. Biomphalaria sudanica, on the contrary, was frequently collected with Bulinus in habitats where luxriant aquatic vegetation was present. B. pfeifferi rueppellii appears to inhabit sites with much muddy silt containing organic materials and was often found associated with a small bivalve, Sphaerium sp.
Aquatic plants provide good surface for freshwater snails to feed on and lay eggs. Some species of the plants were observed to have a high degree of association with certain species of freshwater snail; the submersed vegetation such as Potamogeton crispus, the water weed Elodea sp., Chara sp., Hydrilla-like sp. and filamentous algae, the floating plants such as Potamogeton sp., Nymphaea and Lemna-like sp., Pygonum sp., Cradamine-like sp., and Commelina-like sp. were seen associated with Bulinus, Biomphalaria and Lymnaea. Bulinus forskalii was frequently collected on the undersides of floating leaves of Nymphaea in Lake Awasa. A few sites with luxuriant submersed vegetation and clean water were observed inhabited by many species of freshwater molluscs, for example, the Chacha river about 110 km from Addis Ababa on the road to Asmara and a small body of water 100 km from the capital on the road.
Keys of Ethiopian freshwater molluscs
Freshwater molluscs, in general, are difficult to identify, because they have generally not so discriminative features as sea shells. For this reason it will be a necessary but troublesome job for parasitologists, physicians and veterinarians to identify the intermediary and potential host molluscs of human and veterinary important parasites, hence the keys of the host snails, especially the pictorial are useful for the purpose. Pictorial keys were prepared for the identification of important Ethiopian freshwater molluscs. The identification keys were principally based on shell characteristics for the purpose of field work and the freshwater molluscs reported from Ethiopia were delt with in the present keys .
Shel I Characteristics Fresh-water Molluscs 
DISCUSSION
Surveys had insufficiently conducted on the distribution of human schistosomiasis in Ethiopia. Broadly speaking, Schistosoma mansoni infection was found mainly in the highland areas, but has also been reported to be endemic in the Lower and Upper Awash Valley (Lemma, 1969) . Namely, this infection was recorded from Asmara, Decamere, Maaraba, Saganeiti and Adi Ugri in Eritrea, Bahar Dar in the Gojjam province (Ayad, 1956) , Harrar in the Harrar province (Ayad, 1956 ), Tessenei in Eritrea (Nutrition Survey, 1959) , Gorgora north of Lake Tana in the Begemder province, Adua in the Tigre province (Duncan, 1970) , the regions along the Gojeb river near Bonga (Oliver and Buzo, 1964) and around the lakes of Awasa, Langano and Ziway (Oliver and Buzo, 1964; Ito et al., 1973) , and the Akaki and Adami Tulu districts (Ito et al., 1973) . On the other hand, urinary schistosomiasis is mainly restricted to the warm and arid lowlands such as the Middle and Lower Awash Valley and the endemic foci were reported in the Gewani and Awash districts (Russell, 1958; Lo, 1970a, b) , though immigrated patients have been detected in Addis Ababa, Massawa, Tessenei and other regions.
Bulinines act as the intermediary hosts of Schistosoma haematobium and Biomphalaria snails are those of S. mansoni. Experimental infections of Biomphalaria and Bulinus snails with S. mansoni and S. haematobium respectively have yielded divergent results. This appears to be caused by the difference in susceptibility of the different species, subspecies or local populations of the snails to the different strains of the schistosomes.
The genus Bulinus is usually divided into two subgenera Bulinus and Physopsis, though another subgenus Pyrgophysa may be added to the above two. By the way, four species groups of Bulinus were proposed by Mandahl-Barth (1958) instead of the subgenus system and he considered the 4-group system was the better classification method in view of parasite-host relationship. The four groups are the africanus, tropicus, truncatus and forskalii ; and the first group belongs to the subgenus Physopsis and the rest to the subgenus Bulinus. If the subgenus Pyrgophysa is considered to be valid, the fourth group belongs to it. The africanus group, confined in distribution to the Ethiopian geographical region (south of the Sahara), contains important hosts of the schistosomes with terminalspined eggs including S. haematobium in the African continent. The truncatus group involves the host species of human and cattle schistosomes. On the other hand, the tropics group has not been known to be the hosts for the schistosomes and the forskalii group contains only two species implicated as the snail host of the urinary schistosome in the African continent (Mandahl-Barth, 1958; Wright, 1966) , hence these two groups are generally of little importance as the vector snails of the human schistosomes. All the four groups will occur in Ethiopia, if the species "sericinus" is considered to belong to the truncatus group by means of the features in the radula, mantle pigmentation, reproductive maturity and proportion of euphallic specimens as stated by Brown (1965) and Wu and Burch (1973) , and a Bulinus species from Lake Awasa, tentatively considered by Brown (1965) a member of the truncatus group, rather belongs to the tropicus group by the fact that it has haploid chromosome number (n=18) (Burch, 1964) . Of the four groups the africanus and truncatus groups will be most suspected for transmission of human urinary schistosomiasis. The sole incriminated host of S. haematobium in Ethiopia is B. abyssinicus (Lo, 1970a, b) , which is also responsible for the infection in Somalia. In addition to this species B. africanus ovoideus and B. ugandae, both belonging to the africanus group, occur in Ethiopia. The former species is responsible for transmitting S. haematobium in Kenya (Teesdale, 1962) , while the latter is not the host of the blood fluke in Uganda, the Lake Region of Tanzania (Cridland, 1955) and Kenya (Teesdale and Nelson, 1958) . Hence B. africanus ovoideus may act as the host in Ethiopia too.
Bulinus sericinus had been considered to be a suspected vector of the urinary schistosome which has been recorded from a broad range of the Ethiopian plateau up to 2,900 m elevation (Brown, 1964a (Brown, , b, 1965 , but the incrimination of this species will require further verification. Lo (1972) failed to infect Bulinus sp. (n=18) from Lake Bishoftu near Debre Zeit and from Asmara with the Egyptian strain of S. haematobium, but recently B. sericinus from its type locality (the Toquor river at Kekerka, Ethiopia) was successfully infected with the Egyptian and Iranian strains by Wu and Burch (1973) . The so-called "Bulinus sericinus" from the Ethiopian highlands, furthermore, has been known to include a few polyploids (Burch, 1967a (Burch, , b, 1972 Brown and Burch, 1967) , of which an octoploid bulinine B. octoploidus was infected with the endemic strain of the blood fluke at a rate of 7% (Lo, 1972) .
One of the considerable reasons for the different results of infection trials is that S. haematobium has local strains or might wrongly contain other related species. Le Roux (1958) stated that the schistosome infecting the truncatus group was S. haematobium and that from the africanus group was S. capense (Harley, 1964) , and the local strains of S. haematobium and S. capense were reported by Wright (1962) . Another reason is present in complexity of identifying host snails. Bulinus (P.) africanus, for example, is discriminated with difficulty from B. (P.) globosus by means of shell characters alone, but reliably done by the characters of the copulatory organ (Wright, 1973) . Identification used by Brown (1965) of the Ethiopian freshwater snails was principally followed in the present paper and only shell characters were used for identification. But, other characteristics must be utilized in further study , for differences in immuno-cytological patterns are present between different Bulinus populations (Burch and Lindsay, 1970) .
Biomphalaria snails containing the vectors of S. mansoni are divided into four species groups : the pfeifferi, sudanica, alexandrina and choanomphala, of which the first two have been reported from Ethiopia (Ayad, 1956 ; Wright and Brown , 1962 ; Brown, 1965) . B. pfeifferi and its subspecies have been confirmed as the hosts of S . mansoni (Teesdale and Nelson, 1958; Le Roux, 1961; Webbe, 1962a Webbe, , 1965 Ito et al., 1973b) . But, field and experimental infections of B. sudanica and its subspecies with S . mansoni revealed that this species varied in susceptibility to the local strains of the parasite (McClelland, 1956; Webbe, 1962a Webbe, , 1965 Wright, 1962) and, at least in Ethiopia, is not so much responsible for transmitting the parasite (Ito et al ., 1973) . Considering the distributions of the blood fluke diseases and of the vector snails and the susceptibility of the snails to the parasites, the most predominant host snails of S. mansoni in Ethiopia will be Biomphalaria pfeifferi rueppellii and the only host of S . haematobium incriminated by field and experimental examinations is Bulinus abyssinicus which is principally distributed in the Gewani district of the Lower Awash Valley. In addition to this species of snail , B. africanus ovoideus might be a responsible host in Ethiopia. Consequently it will be highly possible that schistosomiasis haematobium becomes endemic in the highlands, when the northern African or Near Eastern urinary schistosome strain would be introduced into the highlands , as surmized by Wu and Burch (1973) .
Identification keys have been prepared by previous authors of the intermediate snail hosts of blood flukes and the related species of snail for physicians and veterinarians' use, and Mandahl-Barth (1962a) dealt with the East and Central African freshwater snails and Meskal (1967) with the Ethiopian freshwater gastropods . Meskal's key is not pictorial, with insufficient explanation of terms and with a few mistakes.
Main ecological factors responsible for marked changes in abundance of freshwater snails will be temperature and rainfall in sub-tropical and temperate regions , but in the tropical arid regions such as Sudan and the coastral plain of Tanzania it is only the high temperature of summer that appears to reduce the reproduction (Malek, 1962) . The maximum temperature for Biomphalaria pfeifferi appears to be about 32 C, but the colonies might not survive temperatures much above 28 C under field conditions (Sturrock, 1966) . The optimum temperature for rapid population expansion of B. pfeifferi and Bulinus globosus is close to 25 C, and at other temperatures the snail expands population much more slowly, surviving favourably at 19 C and not at 30 C (Shiff 1964; Harrison and Shiff, 1966; Sturrock, 1966) . Biomphalaria and Bulinus snails will be able to tolerate the climatic condition in Ethiopia except very high altitudes of the plateau, but the low temperature might inhibit the development of the intramolluscan stages of blood flukes to limit the distribution of schistosomiasis in the country. The data on prepatent periods obtained from experimental infection with S. haematobium conducted in outdoor aquaria in South Africa showed that transmission in natural habitats in this area was curtained during the four coldest months of the year when the mean maximum temperature is about 20 C or less (Pitchford and Visser, 1965) . Monthly mean temperatures in Addis Ababa during 1959 and 1967 ranged from 13.6 to 16.4 C with an average of 13.0 C; and monthly means of maximum temperature were 18.9 to 23.3 C with an annual average of 21.0 C and those of mean minimums 6.2 to 10.2 C with an average of 5.8 C (The Geographical Observatory, Haile Sellasie I Univ.).
As to the alkalinity of habitats Watson (1958) mentioned that establishment and multiplication of Bulinus truncatus was favoured by neutral or slightly alkaline water, and hard water was better than soft one. In the present survey Bulinus was found more abundantly in slightly acid waters, whereas Biomphalaria was more abundant in slightly alkaline waters. Bilharziasis vectors appear to tolerate a wide range of pH, generally speaking, from 6.0 to 9.0 (Malek, 1958) .
In Tanzania Bulinus nasutus rapidly increases in population after the start of rainy season (Webbe, 1962a) and B. globosus responds to rainfall by very active breeding in Rhodesia (Shiff, 1964) . The same phenomenon was observed in the case of B. truncatus rohlfsi in Ghana. Biomphalaria sudanica is flushed out of its stream habitats by rains and reaches high densities only during the dry season (Webbe, 1962a) . Bulinus breeds, in general, more rapidly than Biomphalaria under favourable conditions and bulinines were frequently found in Ethiopia at temporary waters such as road-side pits from which clay had been taken for making houses.
Another important factor affecting snail distribution may be water current. Bulinus truncatus does not occur in rapidly flowing waters; a rate of 20 to 30 cm/sec is approximately the maximum in which this species is found (Watson, 1950 (Watson, , 1958 and the distribution of B. glabrata (=Australorbis glabrata) and B. alexandrina was also observed to be seriously influenced by stream gradient (Harry and Cumbic, 1956; Pimentel and White, 1959a) . Most of large and permanent rivers in the Ethiopian plateau such as the Gibe river on the Jimma road and the Awash river near Awash and Mojo were hardly populated by Bulinus and Biomphalaria snails, probably owing to rapid current and absence of deposited organic materials.
Changes in the distribution and abundance of vector snails have been reported to be produced by reclamation and rehabilitation of lands which bring about migrations of people and domestic animals, construction of small reservoirs and irrigation channels, damming of streams and mild pollution of waters. In the Aswan province of Egypt the amount of S. haematobium infection increased from four-to 40-fold in three years following the substitution of the perennial type of basin irrigation (Wright, 1973) . Watson (1958) reported Bulinus truncatus was abundant in waters polluted to some extent by human excrement, but was conspicuously absent from areas heavily polluted with animal excrement. In Ethiopia the largest dam is situated at Koka on the Awash river near Nazareth, which was constructed to supply water to power 
